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Abstract "Molecular exchange device" The present invention
relates to a molecular exchange device. In particular, the
present invention relates to a molecular exchange device for
use with an analysis and control apparatus and a method of
manufacturing a molecular exchange device. The molecular
exchange device comprises a casing, extending from a proximal
end to a distal end, supporting at least two fluid passageways
extending from the proximal end to the distal end; the casing
comprising at least one exchange aperture between the distal
end and the proximal end, wherein a portion of the fluid
passageway exposed by the exchange aperture is porous. [Fig.
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Abstract

“Molecular exchange device”

The present invention relates to a molecular exchange device. In particular,
the present invention relates to a molecular exchange device for use with an
analysis and control apparatus and a method of manufacturing a molecular
exchange device. The molecular exchange device comprises a casing,
extending from a proximal end to a distal end, supporting at least two fluid
passageways extending from the proximal end to the distal end; the casing
comprising at least one exchange aperture between the distal end and the
proximal end, wherein a portion of the fluid passageway exposed by the
exchange aperture is porous.

[Fig. 1]
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Molecular Exchange Device

Description of Invention

The present invention relates to a molecular exchange device. In particular,
the present invention relates to a molecular exchange device for use with an
analysis and control apparatus and a method of manufacturing a molecular
exchange device.

Molecular exchange devices, such as dialysis probes, are known in the art.
Such probes relate to use for insertion into a subject, such as in a blood
vessel, for use in dialysis, detection of substances or levels of substances
within the subject. Such probes generally include a porous membrane past
which a perfusion fluid is supplied and removed. Molecules from the perfusion
fluid can pass through the membrane into the subject and vice versa. In the
latter case, analysis can be carried out using internal or external apparatus to

ascertain the presence of certain molecules and their concentrations.

The membranes used for dialysis tubing such as that in the prior art probes
typically have very thin walls to promote effective diffusion, which means that
they provide very little structural support and, as such, the thin walls do not
maintain their shape in use. In order to provide additional support to the
membranes, the first probes had a thin wire placed within the centre of the
tubing to provide support for the membranes during insertion into the subject,
as well as to prevent the walls of the membrane from collapsing when the
membrane is bent.

However, despite that addition of a thin wire, such probes are still prone to
collapsing against the metal wire during insertion and, particularly, when bent.
In an attempt to overcome this problem, the wire was replaced by a hollow
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tube within the membrane, typically positioned along the longitudinal axis of
the probe. The hollow tube provides elongated support that also acts as a
supply or a return line for the perfusion fluid.

One of the major disadvantages of using such forms of internal support for the
membrane was damage to the membrane during the insertion of the internal
support and during insertion into a subject.

In a further attempt to overcome the problem of providing sufficient support to
the membrane, probes were formed having short lengths of membrane tubing
glued on to a supporting structure such as a hollow stainless steel tube. The
steel tube provides elongation and assists in the insertion of the device. The
disadvantage with such probes is that, under physiological conditions, the glue
used in the assembly of such probes weaken due to contact with fluids,
resulting in fragmentation of the membrane tubing from the supporting
structure within the subject. The membrane tubing of such hollow tubes could
also fragment due to mechanical damage caused during insertion into the

subject.

In view of the use of such probes within a subject (i.e. a human or animal
body), it is clear that fragmentation of the membrane is not desired due to the
potential damage that could be caused. When this occurs in tissue such as
muscle it is unfortunate but, as the materials of the membrane are relatively
bio-compatible, this is not disastrous. However, when this occurs in a system
within a subject such as the circulatory system, lost fragments could be moved
into areas (for example the heart) where they could be life threatening. Even
if such fragments are spotted before serious damage can occur, the removal

of such fragments causes further injury.

EP 0675695 discloses a dialysis probe wherein the dialysis membrane is
attached at the proximal end of the probe to overcome the possibility of the
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probe becoming loose from its anchor, due to the fact that the anchoring area
is not within the subject. Although reasonably effective, this is a relatively
complicated and expensive probe to manufacture. Moreover, the tip is not

protected in any way, which leaves it vulnerable to damage.

In an attempt to overcome the disadvantages described above, EP-A-
1105045 discloses an arrangement in which a tube formed of a dialysis
membrane is mounted on a relatively stiff support member. In particular, the
support member is elongate and a tubular dialysis membrane extends along
one longitudinal side, folds back in a U shaped fashion, through an eye or a
notch, at the distal end of the support member, and then passes back against
the opposite longitudinal side. The support member provides support for the
tubular membrane and as such, the probe is more robust and cost effective

than its predecessors.

However, the support member does not provide any protection to the external
walls of the membrane. In particular, there are no means provided to maintain
the walls of the membrane in position during use, to ensure that flow of fluid
within the tubular membrane is not impeded. Furthermore, the folding of the
membrane in the U shaped fashion may cause a kink and/or creases in the
membrane at the tip of the probe, which can impede the flow of a fluid within
the tubular membrane and, consequently, impedes the efficiency and
accuracy of the probe. Moreover, this probe is still relatively complex and, due
to the complexity of the manufacturing process, costly to manufacture.
Without pre-treating the tubular membrane it is difficult to insert the membrane
around the support member, thereby necessitating further complexity to the
manufacturing process. Furthermore, maintaining the tubular membrane in

position against the support has been found to be difficult.

WO 99/45982 discloses a catheter for insertion into a blood vessel for
detecting substances. The catheter disclosed therein comprises an elongate
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body that includes two channels through which the microdialysis solution can
flow. An opening is defined in the catheter body. A microdialysis membrane,
which is attached to the outside of the catheter body, covers the opening
across which membrane microdialysis may take place. The bonding of the
dialysis membrane to the outside of the probe body, means that there is a
high risk that the microdialysis membrane will fragment from the catheter
body, which results in the disadvantages discussed above with regard to

fragmentation.

US 7,008,398 discloses a micro-dialysis probe in which dialysis can occur
along the entire length of the dialysis membrane. The only protection
provided by the walls of the probe reduces the overall surface area of the
dialysis membrane and thus the efficiency of the dialysis across the

membrane.

US 2005/0251087 discloses a microdialysis probe that is supported by an
elongated external frame to hold the tubular membrane in a desired
configuration. However, the tubular membrane is not held securely by the
frame and there is a great risk that the fragile construction could easily break
during use. Furthermore, little protection is provided for the tubular membrane
in this arrangement, which could lead to the disconfiguration of or damage to
the tubular membrane when inserted into a subject. Moreover, a great deal of
material is required to form a frame of sufficient strength and, as such,
increases the size of the overall device with respect to the volume of fluid that
can be passed through the device, which makes it both more invasive when

inserted into the subject and more expensive to produce.

It is an object of the present invention to provide a molecular exchange device
that overcomes or mitigates some or all of the above disadvantages.
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For the avoidance of doubt, the following terms are intended to have the
definitions as outlined below:

Molecular exchange is the selective exchange of any suitable molecule or
composition, including but not limited to dialysis, ultra filtration, drug delivery

etc., from the device to the external environment and vice versa.

The casing is constructed from any suitable material, such that the substantial
flow of fluid or molecules is prevented through its walls in the environment
within which it is intended to be used. Hence, in biological applications where
the molecular exchange device is intended to be inserted in a human or
animal body, the casing is made of a material that is resistant to a biological
biocompatible environment and prevents substances from penetrating through
the casing. The material of the casing must also be rigid enough to ensure
the device is not easily damaged during insertion, but flexible enough to allow
a degree of bending of the device during use. Preferably, the casing is
constructed from high density polyethylene (HDPE), polyamide, carbon fibre,

stainless steel or similar material.

The distal end of the casing is the end of the device that is intended to be

inserted into the environment in which molecular exchange is desired.

The proximal end of the casing is the end of the device that is not intended to
be inserted into the environment in which molecular exchange is desired. The
distal and proximal ends of the casing are adapted to allow the

insertion/withdrawal of perfusion fluid to/from the fluid passageways.

The distal and proximal ends are also adapted to allow insertion/withdrawal of
additional components, such as probes, sensors, connectors to

monitoring/analysing systems etc.
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The at least one exchange aperture is a portion of the casing that exposes the
adjacent portion of the fluid passageway. The exchange aperture may be an
opening in the external wall of the cavity. Alternatively, the exchange aperture
may be a porous area that permits the exchange of selected molecules

to/from the fluid passageways from/to the environment external to the device.

The porous portions are porous to the extent that they permit the selective
exchange of molecules across the fluid passageway and/or casing. A skilled
person would appreciate that different sized molecules will require different

porosities to permit the selective exchange of molecules.

A flow chamber provides the passage of fluid from at least one fluid
passageway to another at least one fluid cavity. For example, the flow
chamber may provide passage of fluid from one fluid passage way to another
fluid passageway through, for example, a connecting tube or an open

chamber.

The subject is any suitable environment in which the device may be applied.
For example, the subject can be a human or animal body. Alternatively, the

subject could be part of a industrial, chemical or fermentation process.

In a first aspect of the present invention there is provided a molecular
exchange device comprising a casing, extending from a proximal end to a
distal end, supporting at least two fluid passageways extending from the
proximal end to the distal end; the casing comprising at least one exchange
aperture between the distal end and the proximal end, wherein a portion of the

fluid passageway exposed by the exchange aperture is porous.

The main advantage provided by the molecular exchange device in
accordance with the present invention is that the casing supports and protects
the at least two fluid passageways. The casing further ensures that the
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porous portion of the passageway will not fragment in use, whilst ensuring that

the passageway maintains its shape and maximises the flow of fluid therein.

In an advantageous embodiment of the present invention, a separator extends
along the casing for at least the length of the exchange aperture, separating
the at least two fluid passageways. In a further advantageous embodiment,
the separator extends along substantially the entire length of the casing, from
the distal end to the proximal end, separating the at least two fluid
passageways. Preferably, the separator extends along the central axis of the
casing. The separator provides the advantage of ensuring that there is no
exchange of fluid between two or more fluid passageways, thereby improving
dialysis efficiency. The separator also provides support to the two or more
fluid passageways, particularly at the porous portion of the passageway. The

separator may or may not be integral with the casing.

Advantageously, the two fluid passageways may be arranged on aligning
sides of the central separator.  Advantageously, two or more fluid
passageways may be arranged around the central separator. Preferably pairs
of fluid passageways in fluid communication with one another may be
arranged around the central separator to permit multiple sets of molecular
exchange in one device. The molecular exchange may be for analysis,
dialysis, delivery, recovery and extraction of substances etc.. During use in a
subject, for example, one set of fluid passageways may deliver a drug to the
external environment of the device, whereas another set of fluid passageway
may be used for recovery, extraction or analysis of a substance from the
environment surrounding the device into the passageway to measure the
overall drug content. It is envisaged that each set of fluid passageways will be
selected for a particular function.

In an advantageous embodiment the at least two fluid passageways are at
least partially defined by the casing and/or separator. Alternatively, the at
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least two fluid passageways are not at least partially defined by the casing
and/or separator. For example, the fluid passageways are at least one tube
held within the casing. In one embodiment of the invention the porous region
of the fluid passage way is a porous membrane bonded within the casing at
the proximal and distal ends of the exchange aperture. Preferably, the at least
one tube is a porous membrane. More preferably, the porous membrane is a
dialysis membrane.

In an embodiment of the invention, substantially the entire area of the tube is
porous. In this embodiment, the tube can be made of a single type of material,
which obviates the need for forming a separate porous portion in the conduit
adjacent to the exchange aperture and makes the molecular exchange device
even cheaper to manufacture. This embodiment also provides the advantage
that the porous portion does not need to be carefully aligned with the at least
one exchange aperture of the casing. As the hollow tube is only exposed to
the external environment at the exchange aperture of the casing, molecular

exchange will only occur at these desired points of the casing.

In a preferred embodiment the at least one tube extends from the proximal
end to the distal end of the casing, folds back on itself at the distal end and
extends from the distal end to the proximal end of the casing, providing two

fluid passageways.

Advantageously, the at least one tube has a circular or non-circular shaped
cross section. This enables the hollow tube to be positioned in the correct
orientation within the casing. For example, the cross section may have one or
more straight edges or be D-shaped or be profiled to orientate the hollow tube
in such a way as to optimise its efficiency for exchange.
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In preferred embodiments the fluid may be supplied to one of the fluid
passageways and drawn from other fluid passageway to ensure flow of fluid
within the device.

Advantageously, the exchange aperture is an opening in the casing,
preferably formed by removing, such as by cutting, an area of the casing. In
an alternative embodiment, the exchange aperture is a porous area,
preferably formed by treating the casing to render a portion of the casing

porous.

In a preferred embodiment, more than one exchange aperture exposes the

same fluid passageway.

In one embodiment, the porous portions of the more than one exchange
aperture have different porosities. The porosity of each porous portion will

depend upon the intended function of the specific porous portion.

In a preferred embodiment having two or more of fluid passageways or two or
more porous portions on one fluid passageway, the porous portions have
different porosities from one another. The use of porous portions and/or fluid
passageways having different porosities enables different selections of

molecular exchange at different exchange apertures along the casing.

For example, when the device is being used to deliver a drug into the
bloodstream of a subject and monitor the concentration of the drug in the
bloodstream, at least one porous portion will require a porosity that enables
the drug to pass through the porous area into the bloodstream and at least
one porous portion that has a porosity allowing the drug bound to a carrier,
such as a plasma protein, for example albumin, to pass through the hollow
area into the respective fluid passageway. The latter porous portion, located
further downstream to other porous portion with respect to the flow of fluid
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within the at least two fluid passageways, will need to have a porosity that
allows the passage of larger particles, i.e. the drug bound to a carrier as
opposed to the drug alone. A skilled person will appreciate that the desired
porosity of the porous portion of a fluid passageway will depend upon the size
of the molecule that is intended to be exchanged across the porous portion
adjacent to the exchange aperture. This arrangement will enable both the
free (unbound to carrier) concentration and the total (unbound and bound to

carrier) concentration of the drug to be determined.

In a preferred embodiment, the at least two fluid passageways have aligned
exchange apertures. In use, an exchange aperture may rest against the
internal walls of the vessel preventing access to the porous portion of the fluid
passageway adjacent to the exchange aperture, as it is often the case that the
device is not inserted into centre of the vessel. By providing aligned exchange
apertures, it is more likely that at least one of the exchange apertures will be in

contact with the flow of fluid within the vessel.

Alternatively, the exchange apertures may be positioned along the respective
fluid passageway so that the apertures are not aligned. Such an arrangement
is advantageous when the exchange apertures are intended to be used for
different purposes.

In a preferred embodiment, the casing supports the at least two fluid
passageways in the form of a tube, which are separated by the central
separator along the length of the exchange aperture. The separator provides
support to the tubing, whilst enabling a substantially large extent of exposure
to the fluid passageway. In such an embodiment exchange of molecules may
occur over substantially the entire circumference of the exposed tube, thereby
providing a maximum surface area and increasing the efficiency of the

exchange of molecules.
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In a preferred embodiment of the invention, the at least two fluid passageways
are held away from the separator in the porous section as a consequence of
the hollow tubes being sealed where they enter and exit the porous section,
thereby enabling substantially 100% of the circumference of the porous
portion of the fluid passageway to be exposed. This provides the advantage
of maximising the surface area of the porous region in contact with the
environment external to the device. Preferably, the at least two fluid

passageways are sealed by glue.

Advantageously, the distal end of the device comprises a plug in the end of
the casing. More advantageously in this embodiment, the separator extends
to the distal end of the casing and contains a fluid aperture to allow flow from
one of the fluid passageway to another fluid passageway.

Alternatively, the distal end of the casing is formed as a tip containing a flow
chamber to allow flow from the end of at least one of the fluid passageways
into the end of another fluid passageway. Advantageously, the ends of the
fluid passageways are within the flow chamber, such that any bond between
the end of the fluid passageway and the distal end of the casing is remote
from the exchange aperture to avoid fragmentation of the tube/porous
membrane attached to the inside of the casing.

Preferably, the flow chamber has a sensor arrangement for detecting a
substance. For example, the sensor arrangement is a fibre optic and a
reflector, wherein the fibre optic and reflector are positioned at the distal end
of the device to enable spectrological measurements, for example,
spectrophotometric measurement. Alternatively the sensor is a wave guide,

conductor, photoelectric, electro-active or electrochemical sensor.

Advantageously, the molecular exchange device further comprises a channel
leading from the proximal end of the casing to the distal end of the casing to
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provide additional materials to the interior and/or exterior of the distal end of
the casing. Preferably, the channel is integral with the separator. More
preferably, the channel is formed within the central axis of the separator.

The channel may supply fluid through to the distal end of the casing, in
particular, into the flow chamber. In such an embodiment, the fluid can then
pass into one or more of the fluid passageways. Of course, the reverse is
possible, with fluids being passed along the fluid passageways into the distal
end of the casing and then drawn out through the channel to the proximal end

of the casing.

In an advantageous embodiment, the channel delivers a composition to

activate a particular drug being administered by the device.

The channel may also be used to receive an additional component. For
example, a guide wire may be inserted for positioning the molecular exchange
device into the desired position within a subject. Advantageously, a probe
may be provided within the channel, such as electrical, sonic or optical probes,
that may be used for detection and/or analysis. In a preferred embodiment,
the channel may be exposed to the environment external to the device, to
enable such a probe to have direct contact with the external environment.
For example, a fibre optic or light source could be provided at the distal end of
the molecular exchange device to allow guidance of the device during

insertion into a subject.

Preferably, the proximal end of the casing is adapted for attachment to a
catheter or cannular, to accommodate insertion of the molecular exchange
device into the subject. Insertion of the device using a catheter or cannular is
a minimally invasive procedure.
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More preferably, the proximal end of the casing is a lockable-mating
arrangement or anchoring member for connecting to an invasive port. In a
medical application, it is possible that the subject will already have an existing
invasive port inserted. Therefore, preferably, the proximal end is a lockable-
mating arrangement or anchoring member for connecting to an existing
invasive port, which reduces damage caused by insertion of the molecular
exchange device into the subject.

More preferably, the proximal end of the casing is adapted for attachment to a
pump. The pump allows fluid to be pumped into the fluid passageways and/or
drawn from the fluid passageways, to ensure flow of the fluid through the
device. Fluid may flow in both directions through the fluid passageways of the
device. The intended use of the individual fluid passageway will determine
whether the pump provides fluid flow through the fluid passageway in one
direction or both directions. As will be appreciated, when the device has two
or more of fluid passageways, the supply to and/or return of fluid from each of
the fluid passageways will depend upon its required function.

Advantageously, the proximal end of the casing is adapted for attachment to
an external device. More advantageously, the proximal end of the casing is
adapted for attachment to two or more of external devices. The one or more
external devices may be attached directly to the ends of the fluid
passageways at the proximal ends of the device or indirectly attached to the

fluid passageways via connecting tubing.

In a preferred embodiment, the external devices analyse the composition of
the fluid drawn from one or more of the fluid passageways. Advantageously,
the external device determines the presence of one or more molecules in the
fluid from the fluid passageways and/or measures the amount/concentration of

one or more molecules in the fluid. More advantageously, the external
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devices control delivery of a drug into the patient through the molecular

exchange device.

In an advantageous embodiment, the device can provide a self-maintaining
mechanism for drug delivery, to maintain the concentration of the drug at a

predetermined level.

The present invention further provides a system for controlling the
concentration of a first substance in a fluid passageway of the molecular
exchange device. The system comprises a molecular exchange device, a
control device linked to the molecular exchange device, wherein the control
device measures the concentration of a second substance in a fluid
passageway and controls the supply of the first substance into a fluid
passageway, preferably in response to the measured concentration. This will
subsequently maintain the concentration of the composition in the
environment external to the molecular exchange device. The first and second

substances may be the same or different from one another.

In accordance with a further aspect of the present invention, there is provided
a method of manufacturing a molecular exchange device, the method
comprising the steps of :

i) forming of a casing

i) providing at least two fluid passageways within the casing

iii) forming of at least one exchange aperture in the casing

Advantageously, steps i), ii) and/or iii) occur simultaneously. For example, the
casing may be formed by an extrusion process that provides the at least two
fluid passageways and/or the at least one exchange aperture during the
forming of the casing.



10

15

20

25

30

15

Advantageously, the method further comprising the step of forming a

separator to separate the at least two fluid passageways.

Preferably, the casing is formed by moulding. More preferably, at least one
exchange aperture is formed by the moulding of the casing. Advantageously,
the casing is formed through an extrusion process. More advantageously, the
exchange aperture is formed by cutting away a portion of the casing.
Alternatively, the exchange aperture is formed in the opening during the
manufacture of the casing, for example during an extrusion process. In an
alternative embodiment, the exchange aperture is a porous area, preferably
formed by treating the casing to render a portion of the casing porous. The
casing may be treated during and/or post formation of the casing. The
treatment may be by laser, such as laser ablation, x-ray, spark erosion,
etching, oxidation, use of salt treatment during an extrusion process, or other
microfabrication processes to allow transfer of molecules from the inside of

the fluid passageway to the environment external to the device and vice versa.

In a preferred embodiment at the least two fluid passageways are inserted into
the casing after the forming of the exchange apertures. More preferably, the
fluid passageways are inserted into the casing after the sealing of the distal
end of the casing. Advantageously, the fluid passageways have a shaped
cross section to ensure insertion into the casing in the correct orientation.
More advantageously, the fluid passageway has a circular or non-circular
shaped cross section for orientation into the lumen. In a preferred
embodiment the cross section of the fluid passageway has at least one
straight edge. More preferably, the cross section of the fluid passageway is
D-shaped.

In a preferred embodiment the distal end of the casing is formed sealed as
part of the moulding process. Alternatively, the method further comprises the
step of sealing the distal end of the casing. Advantageously, the distal end of
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the casing is sealed by any method that causes the molecules of the distal

end to flow together, such as heat sealing, cold sealing or crimping.

In order that the present invention may be more readily understood, non
limiting embodiments thereof will now be described, by way of example, with

reference to the accompanying drawings in which:

Figure 1 is an overall illustration of a first embodiment of a molecular
exchange device in accordance with the present invention and an anchoring

unit to hold the device in position during use;

Figure 2 is an enlarged view of a distal portion of the first embodiment of a

molecular exchange device in accordance with the present invention;

Figure 3 is a cut away plan view of the first embodiment of a molecular

exchange device in accordance with the present invention;

Figure 4 is a cross-sectional view of the first embodiment of a molecular

exchange device sectioned through AA;

Figure 5 is a cross-sectional view of the first embodiment of a molecular

exchange device sectional through BB;

Figure 6 is a cross-sectional view of the first embodiment of a molecular

exchange device sectioned through CC;

Figure 7 is a cross-sectional view of a second embodiment of an molecular

exchange device in accordance with the present invention;

Figure 8 is a cut-away view of an alternative embodiment of a molecular

exchange device in accordance with the present invention;
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Figure 9 is alternative embodiment of a molecular exchange device in

accordance with the present invention;

Figure 10 is an alternative embodiment of a molecular exchange device in
accordance with the present invention;

Figure 11 is an alternative embodiment of a molecular exchange device in

accordance with the present invention;

Figure 12 is an alternative embodiment of a molecular exchange device in

accordance with the present invention;

Figure 13 is a cross-sectional view of an alternative embodiment of a

molecular exchange device in accordance with the present invention;

Figure 14 is a cross-sectional view of an alternative embodiment of a

molecular exchange device in accordance with the present invention;

Figure 15 is an embodiment of an apparatus in accordance with the present

invention.

As illustrated in figure 1, there is a first embodiment of a molecular exchange
device (1) according to the present invention comprises a casing (2) made of
HDPE, extending from a proximal end (3) to a distal end (4); and an anchoring

unit (15) to hold the device (1) in position during use.

As shown in more detail, figure 2, the casing (2) supports two fluid
passageways (7a, 7b) extending from the proximal end (3) to the distal end
(4); a separator (6) extending along the length of the casing (2) separating the
two fluid passageways; two aligned exchange apertures, between the proximal
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end (3) and the distal end (4) of the casing, exposing the fluid passageways
(7a, 7b). The portion of the fluid passageways (7a, 7b) exposed by the

opposed exchange apertures are porous.

In this embodiment, the casing (2) defines two internal lumens (5a, 5b) that
extend within the casing from the proximal end (3) to the distal end (4). A
separator (6), integral with the casing (2), extends along the central axis of the
casing (2) defining the two lumens (5a, 5b) within the casing (2). It is also
envisaged that the separator (6) is not integral with the casing (2), but firmly

attached thereto.

In this embodiment, the lumens (5a, 5b) each hold a fluid passageway (7a,
7b) in the form of a tube. The tubes (7a, 7b) are suitable for fluid to travel
within the passageway. The fluid may be supplied or drawn at the proximal
end (3) of the tube (7a, 7b). The tubes are formed from a porous membrane
that allows the selective exchange of molecules in one or both directions
across the membrane. The level of porosity of the porous membrane will
depend upon the intended use of the molecular exchange device (1). The
tubes (7a, 7b) have a porosity that enables a specific molecule or composition
to cross the membrane from the environment external to the tube (7a, 7b) into
the tube (7a, 7b) and vice versa, for a particular use of the molecular

exchange device (1).

As shown in figures 2 and 3, the casing (2) has aligning exchange apertures
(9a, 9b) that each expose a tube (7a, 7b). It is also envisaged that the
apertures (9a, 9b) are not aligned along the length of the casing (2). In this
embodiment the entire circumference of the tube (7a, 7b) adjacent to the
exchange aperture (9a, 9b) is exposed to the external environment, as shown
in figure 5.  The tube (7a, 7b) is sealed to the casing (2) by, for example, glue
and this arrangement holds the tube away from the surface of the separator
(6), such that 100% or substantially 100% of the circumference of the tube
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(7a, 7b), including that adjacent to the exchange aperture, is exposed to the

external environment.

In this embodiment and as shown in figure 3, the distal end (4) of the casing
(2) containing a flow chamber (10) that permits the passage of a fluid from one
of the tubes (7a) to the other tube (7b). It is envisaged that fluid may flow in
either direction in each tube (7a, 7b) and, as such, the flow chamber (10)
permits the passage of fluid in both directions, i.e. from one tube (7a) to the
other tube (7b) and vice versa. As illustrated in figure 2, the external
configuration of the flow chamber (10) is tapered, to allow easy insertion of the
molecular exchange device (1) into a subject.

As shown in more detail in figure 3, the tubes (7a, 7b) extend into and
terminate within the flow chamber (10). The tubes (7a, 7b) are sealed into the
casing by, for example, heat treatment or glue, such as UV curing glue,
cyanoacrylate, two-part epoxy resin and any other appropriate method,
including mechanical means. In this embodiment the molecular exchange
device (1), as shown in figure 7, is further provided with a channel (11),
extending from the proximal end (3) to the distal end (4) of the casing (2), that

runs internally through separator (6).

In this embodiment, as shown in figure 7, the tubes (7a, 7b) are profiled to
accommodate the channel (11). The profile of the tubes (7a, 7b) allow the

correct orientation of the tubes (7a, 7b) in the lumens (5a, 5b).

The channel (11) provides a means to transport materials, such as a drug, into
and out of the flow chamber, once the molecular exchange device (1) has
been placed in the desired position within a subject.

In this embodiment, a sensor may be positioned on one or both of the ends of
the tubes (7a, 7b), the sensor measuring, for example, a drug within the flow



10

15

20

25

30

20

chamber (10). The rate of delivery of the drug into the device (1) can be
altered in accordance with the concentration of the drug across the
membrane. The rate of delivery of the drug can be controlled by changing the
quantity of a drug introduced into the device. The higher the quantity of a drug
passed into the device (1), the greater the delivery of the drug to the
environment external to the device (1) when a concentration gradient that has
been set up across the dialysis membrane.

As illustrated in figure 3, in use, fluid may be passed into one of the tubes (7a,
7b) of the molecular exchange device (1). The fluid may be passed along the
tube (7a), into the flow chamber, into the second tube (7b), along the second
tube (7b) to the opening of the passageway at the proximal end (3) of the
device (1). Due to the nature of the material of the casing (1), the fluid and any
compositions in it will be maintained within the tube (7), except at the
exchange apertures. At each of the exchange apertures in the respective
lumens (5a, 5b) of the casing (2), the fluid carried in the respective tube (7a,
7b) will be exposed to the environment surrounding the molecular exchange
device (1). Depending on various factors, such as the relative internal and
external concentration of molecules/compositions, the specific porosity of the
porous area of the tube (7a, 7b) and the intended use of the molecular
exchange device (1), molecules/compositions present in the tube (7a, 7b) may
be supplied across the porous membrane into the environment external to the
device (1) or molecules/compositions present in the external environment may

be drawn across the porous membrane are into the tube (7a, 7b).

The first tube (7a) may have the same properties (for example porosity) as the
other tube (7b) and used for the same function. Alternatively, the first tube
(7a) could be used to supply and/or absorb different molecules/compositions

and, as such, have different properties.
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As illustrated in figure 8, the distal end (4) of the casing (2) may alternatively
comprise a plug (12). To permit flow between the tubes (7a, 7b), the
separator (6) has a flow aperture (13) to allow flow from one tube (7a) to the

other tube (7b) and vice versa.

As illustrated in figure 9, a further embodiment of the present invention
comprises a casing (2) having an integral separator (6), extending from the
proximal end (3) to the distal end (4) of the casing (2). A fluid passageway in
the form of a tube extends within one of the lumens (5a) from the proximal
end (3) to the distal end (4) of the casing, extending beyond the distal end of
the casing, bends back on itself, and extends back into the second lumen (5b)
from the distal end (4) to the proximal end (3) of the casing (2), providing a
single uninterrupted tube (7a, 7b), anchored, at least, at the proximal end (3)
of the casing (2). Therefore, fragmentation of the tubes (7a, 7b), in use, is
prevented. The tube may also be bonded along the length of the casing (2)

but only to retain its orientation rather than provide additional bonding.

A further embodiment of the invention (not shown), is the same as that
described with reference to figure 9 above, except that the tube at the distal
end (4) of the casing is fully contained within the casing (2); the casing being

in a similar confirmation as shown in figures 2 and 3.

In use, the fluid may be passed along the first passageway (7a), through the
distal end and along the second passageway (7b) to the opening of the
passageway at the proximal end of the device (1). Again the fluid is exposed
to the external environment at each exchange apertures along the casing,
permitting selective exchange of molecules/compositions across the porous
portion of the tubes (7a, 7b).

As shown in figure 10, the two tubes (7a, 7b) are arranged in two distinct
lumens (5a, 5b). Each of the tubes (7a, 7b) has a concentric arrangement
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within the tube, such that fluid may flow along a internal tube and back along
the external tube and vice versa. There is no fluid connection between the
two fluid passagewayss (7a, 7b). Such an arrangement is suitable, for
example, for use when one of the tubes (7a) provides a dialysis membrane
and the other tube (7b) monitors the concentration levels of
molecules/compositions in the external environment. With regard to the latter,
molecule/compositions cross the porous portion of the tube (7b) from the
external environment into the tube (7b) of the device (1), and travel along the
tube (7b) to the proximal end (3) of the casing (2) and carried to an external
device (14) for analysis, as shown in figure 15.

Alternatively, as shown in figure 11, one tube provides two fluid passageways
(7a, 7b).

A further embodiment of the invention, as shown in figure 12, comprises a
device (1) in which the external walls of the casing (2) are arranged at the
exchange aperture (9) to form a concave apperture (9a).

As shown in figures 13 and 14, it is envisaged that a molecular exchange
device (1) according to the present invention can be provided with a casing (2)
having two or more of fluid passageways (7a, 7b, 7c, 7d), separated by a
separator (6). This permits multiple molecular exchange to be carrying out
using one device. For example, the molecular exchange may be for analysis,
dialysis, delivery etc.. As shown in figure 13, the device (1) has four fluid
passageways (7a, 7b, 7c, 7d). Alternatively, as shown in figure 14, the device
(1) has twelve fluid passageways (7a, 7b, 7c, 7d etc.)

Figure 15 illustrates schematically an apparatus embodying the present
invention. A molecular exchange device (1) is connected with an anchoring
unit (15), such as a luer lock, and is in fluid communication, by means of

tubing (16), with an external device (14). The external device (14) may
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analyse fluid received from the device (1), for instance to detect certain
molecules/compositions or concentrations of molecule/compositions, or may
supply molecule/compositions in a fluid for supply to the device (1), for
instance maintaining concentrations of those compositions in the fluid

passageways.

A molecular exchange device (1) according to the present invention is
preferably manufactured by injection moulding the casing (2) having a central
separator (6) and plurality of exchange apertures (9) and then heat-sealing or
crimping the distal end (4), either before or after insertion of the hollow tubes
(7). However, other methods of manufacture known to those of skill in the art
are also possible. For instance, the casing (2) could be formed as an extrusion
process, with the walls of the casing (2) being removed to form the exchange
apertures (9). Alternatively, the exchange apertures could be formed by
treating the material of the casing (2) appropriately, as would be appreciated

by those of skill in the art, to render the wall of the casing porous.

The molecular exchange device of the present invention and one or more
external devices can be used to analyse, measure or deliver industrial,
chemical, fermentation and animal or plant compositions. The molecular
exchange device may be used in industrial, chemical or fermentation

processes and the human or animal body.

The molecular exchange advice according to the present invention is intended
to be used in the human or animal bodies including but not restricted to the
circulatory system, insertion into blood vessels, lymphatic system, muscles,

ear, mouth, tissue fat and internal organs.



24

When used in this specification and claims, the terms "comprises" and
"comprising" and variations thereof mean that the specified features, steps or
integers are included. The terms are not to be interpreted to exclude the

presence of other features, steps or components.
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Claims

1. A molecular exchange device comprising;

a casing, extending from a proximal end to a distal end, supporting
at least two fluid passageways extending from the proximal end to the distal
end; the casing comprising at least one exchange aperture between the distal
end and the proximal end, wherein a portion of the fluid passageway exposed

by the exchange aperture is porous.

2. A molecular exchange device according Claim 1, wherein a
separator extends along the casing for at least a length of the exchange

aperture, separating the at least two fluid passageways.

3. A molecular exchange device according to any one of Claims 1 to
2, wherein the separator extends along substantially the entire length of the
casing, from the distal end to the proximal end, separating the at least two

fluid passageways.

4. A molecular exchange device according to any one of Claims 2 to

3, wherein the separator extends along a central axis of the casing.

5. A molecular exchange device according to Claim 4, wherein two
fluid passageways are arranged on aligning sides of the central separator.

6. A molecular exchange device according to Claim 4, wherein two or

more of fluid passageways are arranged around the central separator.

7. A molecular exchange device according to any one of the
preceding claims, wherein the at least two fluid passageways are defined by

the casing and/or separator.
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8. A molecular exchange device according to any one of Claims 1 to
7, wherein the at least two fluid passageways are not defined by the casing
and/or separator.

9. A molecular exchange device according to Claim 8, wherein, the at
least two fluid passageways are at least one tube held within the casing.

10. A molecular exchange device according to Claim 9, wherein the at

least one tube is a porous membrane.

11. A molecular exchange device according to any one of Claims 1 to
7, wherein the porous region of the fluid passageway is a porous membrane
bonded with the casing at the proximal and distal ends of the exchange

aperture.

12. A molecular exchange device according to any one of Claims 10 to

11, wherein the porous membrane is a dialysis membrane.

13. A molecular exchange device according to any one of Claims 9 to
12, wherein the at least one tube extends from the proximal end to the distal
end of the casing, folds back on itself at the distal end and extends from the

distal end to the proximal end of the casing, providing two fluid passageways.

14. The molecular exchange device according to any one Claims 9 to
10, wherein the at least one conduit has a circular or non-circular shaped
cross section, preferably, the cross section has one straight edge and, more
preferably, the cross section is D-shaped.

15. A molecular exchange device according to any one of the
preceding claims, wherein the exchange aperture is an opening, preferably
formed by cutting away a portion of the casing.
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16. A molecular exchange device according to any one of Claims 1 to
14, wherein the exchange aperture is an opening, preferably formed by

treating the casing to render a portion of the casing porous.

17. A molecular exchange device according to any one of the
preceding claims, wherein more than one exchange aperture exposes the

same fluid passageway.

18. A molecular exchange device according to any one of the
preceding claims, wherein the porous portions of the more than one exchange

aperture have different porosities.

19. The molecular exchange device according any one of the preceding
claims, wherein the at least two fluid passageways have aligned or non-

aligned exchange apertures.

20. The molecular exchange device according to any one of the
preceding claims, wherein the distal end of the device comprises a plug in the

end of the casing.

21. The molecular exchange device according to any one of Claims 2
to 15, wherein the separator extends to the distal end of the casing and
contains a fluid aperture to allow flow from one fluid passageway to another

fluid passageway.

22. The molecular exchange device according to any one of the
preceding claims, wherein the distal end of the casing is formed as a tip
containing a flow chamber to allow flow from one end of at least one fluid

passageway into the end of another fluid passageway.
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23. The molecular exchange device according to Claim 22, wherein the

ends of the at least one fluid passageways extend into the flow chamber.

24. The molecular exchange device according to any one of Claims 22
to 23, wherein the flow chamber has a sensor arrangement to, preferably,

enable spectrologic measurement.

25. The molecular exchange device according to Claim 24, wherein the

spectrologic measurement is spectrophotometric measurement.

26. The molecular exchange device according to any one of Claims 24
or 25, wherein the sensor arrangement is a reflector, wave guide, conductor,

photoelectric, electro-active or electrochemical sensor.

27. The molecular exchange device according to any one of the
preceding claims, further comprising a channel leading from the proximal end
of the casing to the distal end of the casing to provide additional materials to

the interior and/or exterior of the distal end of the casing.

28. The molecular exchange device according to Claim 27, wherein the
channel is integral with the separator.

29. The molecular exchange device according to Claim 28, wherein the

channel is formed within the central axis of the separator.

30. The molecular exchange device according to any one of Claims 27
to 28, wherein the channel provides access to/for an optical, sonic and/or
electrical probe.
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31. The molecular exchange device according to any one of the
preceding claims, wherein the proximal end of the casing is adapted for
attachment to a catheter and/or cannular.

32. The molecular exchange device according to any one of the
preceding claims, wherein the proximal end of the casing is a lockable-mating
arrangement and or anchoring member for connecting to an invasive port.

33. The molecular exchange device according to any one of the
preceding claims, wherein the proximal end of the casing is adapted for
attachment to a pump.

34. The molecular exchange device according to any one of the
preceding claims, wherein the proximal end of the casing is adapted for
attachment to an external device.

35. A system for controlling the concentration of a first substance in a
fluid passageway of the molecular exchange device, the system comprising a
molecular exchange device, a control device linked to the molecular exchange
device, wherein the control device measures the concentration of a second
substance in a fluid passageway and controls the supply of the first substance
into a fluid passageway, preferably in response to the measured

concentration.

36. A system according to Claim 35, wherein the first and second

substances may be the same or different from one another.

37. A system for providing a self-maintaining mechanism for drug
delivery to maintain the concentration of the drug at a predetermined level.
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38. A method of manufacturing a molecular exchange device according to

any one of the preceding claims, wherein the method comprises the steps of:

i) forming of a casing

i) providing at least two fluid passageways within the casing

iii) forming of at least one exchange aperture in the casing

39. A method of according to Claim 38, wherein steps i), ii) and/or iii)

occur simultaneously.

40. A method according to Claim 38, further comprising the step of
forming a separator to separate the at least two fluid passageways.

41. A method according to any one of Claims 38 to 40, wherein the

casing is formed by moulding.

42. A method according to any one of Claim 41, wherein the at least
one exchange aperture is formed by the moulding of the casing.

43. A method according to any one of Claims 38 to 42, wherein the

casing is formed through an extrusion process.

44. A method according to any one of Claims 38 to 43, wherein the
exchange aperture is formed by cutting away a portion of the casing.

45. A method according to any one of Claims 38 to 43, wherein the
exchange aperture is formed by treating the casing, by a laser, such as laser
ablation, x-ray, such spark erosion, etching, oxidation use of salt treatment
during an extrusion process or other microfabrication processes, to render the

casing porous.
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46. A method according to Claim 45, wherein the casing is treated

during and/or post formation of the casing.

47. A method according to any one of Claims 38 to 46, wherein the
least two fluid passageways are inserted into the casing after forming the
exchange apertures.

48. A method according to any one of Claims 38 to 47, wherein the
fluid passageways are inserted into casing after the sealing of the distal end of
the casing.

49. A method according to any one of Claims 38 to 48, wherein the at
least one fluid passageway has a circular or non-circular shaped cross
section, preferably, the cross section has one straight edge and, more
preferably, the cross section is D-shaped, for orientation into the lumen.

50. A method according to any one of Claims 38 to 49, wherein the

distal end of the casing is sealed.

51. A method according to any one of Claims 38 to 50, wherein the
distal end of the casing is sealed by heat sealing, cold sealing, crimping or
mechanical methods.
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14.

Fig. 15.
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